9. The program had proved to be a good public
relations project and, as a result, has improved the
status of the health department in the community.

It is the plan of the city health department to
have the entire downtown area ratproofed and freed
of rats (as far as practicable) by January 1952.

“Salmonella” Food Poisoning

MILDRED M. GALTON*

Salmonella has been known to be associated
with food poisoning since shortly after Salmon and
Smith (1885) first described a member of the group.
Early workers attempted to classify the Salmonella
into the following three groups (5) according to
pathogenicity and host specificity: (1) those organ-
isms that are of human origin and are pathogenic
for man only; (2) those of animal origin and non-
pathogenic for man; (3) those of animal origin, and
primarily infecting animals but also causing a
mild gastro-enteritis in man. In recent years, the
use of newer selective media for the isolation of
Salmonella and more adequate antigenic analysis
of these organisms have disclosed the infection
of humans with the ‘‘purely animal’’ strains, and
the infection of animals with ‘‘purely human”
strains. Of the more than 150 antigenic types of
Salmonella now recognized, few, if any, are limited
to one host (2). All types must be considered as
potential pathogens for man and/or animals.

Hormaeche and his associates (29,30) observed
that the clinical syndrome produced in persons
contracting Salmonella infection depends largely
upon the age and general resistance of the indi-
vidual and to a lesser extent upon the type of
Salmonella. Thus infants and young children are
most susceptible to Salmonella infection. Edwards,
Bruner, and Moran (10) have noted a greater sus-
ceptibility to Salmonella infections in young
animals.

The accepted differentiation of the various clini-
cal manifestations of salmonellosis (25) may be
described as: (1) Salmonella fever, a mild febrile
illness; (2) Salmonella septicemia, remittent fever,
in
various tissues in later stages; (3) Salmonella
gastro-enteritis (food poisoning), the most common

more severe with localization of infection
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form; (4) extraintestinal infections (localized),
such as cholecystitis, osteomyelitis, and otitis;
and () the normal carrier state.

A few Salmonella types appear to be involved
predominantly in certain forms of salmonellosis.
For instance, Salmonella paratyphi A and Sal-
monella cholerae-suis occur more frequently in
Salmonella fever and septicemia, the latter type
being fatal in many cases; Salmonella typhi-
murium and Salmonella newport more commonly
cause gastro-enteritis; and Salmonella pullorum is
primarily the cause of an infection of fowl. How-

.ever, all types should be considered as capable of

causing food poisoning. In general, the incubation
period is from 12 to 36 hours. Onset of illness is
sudden, accompanied by vomiting, diarrhea, abdom-
inal pain, fever, and sometimes prostration. The
duration is seldom longer than 3 to 4 days. Sal-
monella food poisoning is considered a type of
infection, i. e., the illness is caused by the multi-
plication of the organism in the intestinal tract
rather than by the ingestion of preformed toxins (8).
The belief that a ““toxin’’ type of Salmonella food
infection occurs was proposed by Savage (cited by
Dolman) (9) when Salmonella could not be isolated
from suspected food or from the patient in out-
breaks of food poisoning in which the incubation
period was short. Numerous experiments involving
the feeding of filtrates or heat-killed Salmonella
cultures to animals and human volunteers have
been conducted. These studies have failed to
demonstrate the existence of preformed Salmonella
toxins.
INCIDENCE OF
ENTERITIS

“SALMONELLA’” GASTRO-

Definite data conceming the incidence of Sal-
monella food poisoning in the United States are not
available due to the many unreported sporadic
cases. These cases usually are mild and are of



short duration. Thus statistics regarding incidence
must be based upon large outbreaks that come to
the attention of physicians, public health authori-
ties, and Salmonella typing centers. Dolman (9)
states that Salmonella food poisoning probably is
more prevalent in Great Britain than in North Amer-
ica. Conybeare, Allison, and Taylor(7) have shown
the actual numbers of outbreaks of food peisoning
(Salmonella and otherwise) reported to the Ministry
of Health during a 20-year period (1927-47). Accord-
ing to their figures, more than 75 percent of the
outbreaks were due to Salmonelle. From 1927 to
1942, not more than 100 outbreaks of Salmonella
food poisoning per year were reported. Since 1942
the incidence in England has increased rapidly to
more than 650 outbreaks in 1947.

Hobbs (28) reported that of 3,495 incidents of
food poisoning investigated by the Public Health
Laboratory Service in England from 1941 to 1948,
approximately 91 percent were caused by organisms
of the Salmonella group.

Rubenstein, Feemster, and Smith (40) report the
occurrence of 356 epidemic cases in 17 outbreaks
in Massachusetts. Valuable information regarding
the occurrence and distribution of Selmonella in
the United States was presented by Edwards,
Bruner, and Moran (11) in a report of results ob-
tained in typing 12,331 cultures isolated from man
and from domestic and wild animals during the
period 1934 to 1947. Similarly, Seligmann, Saphra,
and Wasserman (44) reported 2,000 Salmonella cul-
tures from humans typed in the New York Center.
Felsenfeld and Young (14) typed 6,802 Salmonella
cultures from 500 outbreaks in North and South
America from 1943 to 1948. The fact that gastro-
enteritis is by far the most prevalent of Salmonella
infections in man is further emphasized by these
reports. More than half of the cultures on which
clinical data were available were obtained from
cases of gastro-enteritis.

SOURCES OF ‘“SALMONELLA’
ENTERITIS

There are two opportunities for food to serve
as a means of transmitting human Salmonella in-
fections. Firstly, food is an excellent medium for
transmission from the human carrier. Although the
carrier state of Salmonella other than the human
adapted strains (Salmonella typhosa, S. paratyphi
A, and S. paratyphi B) is generally considered to be
a temporary condition, their importance should not
be overlooked. As a result of investigations in the
New York Salmonella Center, Seligmann, Saphra,
and Wassermann concluded that irrespective of

GASTRO-
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the adaptation of the Salmonella type, healthy
persons are important vectors. From 1,000 posi-
tive cultures, 19.5 percent of the isolations were
from healthy carriers,many of them food handlers to
whom outbreaks were traced. Edwards, Bruner, and

Moran (10)have found an even higher percentage of
isolations from asymptomatic carriers, amounting

to 30 percent. The author and Hardy(20)found that,
of 745 Salmonella isolations from routine fecal
specimens in Florida, 46 percent were from patients
with known histories who were food handlers and
apparently were normal

Permanent carriers of the Salmonella types that
are not specifically adapted to man but that fre-
quently cause food poisoning seldom are found,
but such carmiers do existo Rubenstein, Feemster,
and Smith (40) reported two permanent carriers
of Salmonella oranienburg and one of Salmonella
derby. In 1945, D’Albora, Ingegno, and Edson(1)
found a person who was a chronic carrier of Sal-
monella montevideo. In this laboratory, S. monte-
video was isolated intermittently for 9 months from
a l-year-old child after it had recovered from
a severe diarrhea.

Secondly, the great hordes of animals associated
with man serve as an excellent source of Salmo-
nella food poisoning, through food, or by direct
association. According to Edwards, Bruner, and
Moran (10), fowls are the largest single reservoir
of Salmonella in this country. These authors found
a larger number of Salmonella types in fowl than
in any other species except man. Hinshaw and
McNeil (25)report that 58 types have been isolated
from avian species. In 1944, they reported (26) that
of 47 types found in birds, 41 had been found in
man also. Further, they observed cases of gasiro-
enteritis among attendants on poultry farms caused
by contact with acute outbreaks in poultry. Until
recent years S. pullorum usually was considered
as nonpathogenic for man. Now this type also has
been incriminated as a cause of one large outbreak
of food poisoning (38) and several sporadic
cases (12,32). In Florida, S. pullorum has been
isolated from the feces of a 12-year-old child ill
with gastro-enteritis, and from a hospitalized adult
with a mild enteric fever,

Reports of raw, frozen, or dried eggs as being
sources of Salmonella outbreaks appear frequently.
Such an outbreak attributed to raw eggs which
contained S. montevideo was reported by Watt (47).
Schneider (43) isolated Salmoneila tennessee from
frozen whole eggs and from powdered eggs.

Extensive studies on the occurrence of Salmo-



nella types in dried-egg powder have been reported
by Solowey, et al., (46) Gibbons and Moore (23),and
British investigators (36). The British workers
attributed their marked increase of Salmonella
infections, especially of the types common in this
country, to the consumption of American egg pow-
der. Garrod and Mcllroy (21) describe an outbreak
of S. typhi-murium due to infected duck eggs.

McCullough and Eisele (35) were able to produce
clinical salmonellosis in 32 human volunteers by
experimental infecticn with strains of Salmonella
meleagridis and Salmonella anatum derived from
spray-dried whole egg.

As observed by Hinshaw, McNeil, and
Taylor(26), salmonellae invade many hosts. Not
only are chickens and ducks susceptible, but also
turkeys, pigeons; quail, pheasants, and many other
species of birds. In a search of infected poultry
ranches for other animal reservoirs of Salmonella,
Hinshaw and McNeil (27) isolated S. typhi-murium
from snakes, cats, and house flies. The trans-
mission of Salmonella by flies has also been
reported by Ostrolenk and Welch (39).

The prevalence of Salmonella in swine and
cattle, the major sources of meat for man, is well
known. In a recent study of 2,788 Salmonella cul-
tures derived from animals other than man or fowls,
Bruner and Moran (4) found that 76 percent, includ-
ing 37 types, came from swine and 15 types came
from 69 outbreaks in cattle. Many of the cultures
from hogs were isolated from the enteric lymph
glands of normal animals. The occurrence of Salmo-
nella in the lymph glands of normal hogs was first
demonstrated by Hormaeche and Salsamendi (31),
and Rubin, Scherago, and Weaver (41). This work
stimulated a study by Cherry, Scherago, and
Weaver (6) of the occurrence of Salmonella in retail
meat products; more recently a similar study of
market meat, eggs, and milk has been conducted by
Felsenfeld, Young, and Yoshimura (15).As would be
expected, in both studies a higher percentage of
Salmonella was isolated from pork samples than
from beef samples. Inadequately cooked pork pro-
ducts containing Salmonella frequently are cited
in outbreaks of food poisoning. Hauser, Treuting,
and Breiffelh (24) describe an outbreak due to
Salmonella berta in sausage.

A survey on salmonellosis in domestic animals
in England was made by Smith and Buxton (45).
These investigators examined the feces of healthy
adult cattle, sheep, horses, hogs, goats, chickens,
turkeys, ducks, and geese. They found that the
Salmonella types isolated from these healthy ani-
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mals were, with the possible exception of S. pul-
lorum, those that are commonly incriminated in
outbreaks of food poisoning in man and that fre-
quently cause clinical disease in domestic animals.
They emphasize the importance of these symptom-
less fecal carriers from both the public health and
the agricultural points of view.

Extensive investigations on salmonellosis in
cattle in Great Britain have been made by
Field (16-18). The author points out the possibilities
of meat, meat products, or milk of bovine origin be-
ing sources of food poisoning; and he recommends
strict attention to the hygiene of milk and milk-
product production, and to hygiene in slaughter
houses. He further recommends adequate ante- and
post-mortem examination of emergency-slaughtered
cattle to prevent distribution of contaminated meat
products.

In a recent review, Koller (34) observed that the
possibility of complete eradication of Salmonella
from livestock was hopeless, since the best veteri-
nary meat inspection is not sufficient to identify
all cattle and swine harboring Salmonella and thus
to prevent transmission to humans, e recommends
general hygienic measures for animals and rigid
hygienic control in the meat industry. te further
emphasizes the need for pasteurization of milk and
meat products, and for regular medical inspection
of food handlers and of sanitary facilities in food
industries.

Only recently concerted attention has been given
to Salmonella infections in domestic pets. The high
incidence of Salmonella and the variety of types in
dogs obtained in this laboratory (19) suggest that
these animals may be an excellent source of infec-
tion for man. Probably cats have received even
less attention than dogs. The isolation of Salmo-
nella braenderup from a case of enteritis in a man
and from his cat was reported by Kauffmann and
Henningsen (33). Salsamendi (42) obtained S.
anatum from cats, and Mera (37) isolated S.
paratyphi A from the animal. Watt, et. al. (48) and
Edwards,et. al. (13)report the isolation of six new
Salmonella types from normal cats.

There are few animal species that have not been
found to harbor Salmonella. Rats and mice (22,49)
are frequent suspects in the investigation of out-
breaks in public food establishments. Horses and
sheep less frequently are involved as a source of
Salmonella infection in man (11).

After reviewing some of the factors responsible
for the transmission of Salmonella food peisoning,
the application of control measures recommended



by Buonomini(5) seems a most desirable procedure.
These steps include: (1) provision of a pure water
supply; (2) proper removal and disposal of sewage;
(3) control of milk supplies, and pasteurization;
(4) veterinary control of animals; (3) bacteriologi-
cal control of foods; (6) systematic destruction of
rats and mice; (7) systematic destruction of flies
and other insects; and (8) control of healthy
carriers with compulsory reporting of cases. A
recent memorandum on food poisoning issued by
the British Ministry of Health(3) further emphasized
the necessity for adequate field and laboratory
investigations during outbreaks.

REFERENCES

1. D’Albora, J. B.; Ingegno, A, P., and Edson,
J. Not Outbreak of food poisoning due to Salmo-
nella montevideo in an army general hospital.
J.AM.A. 129:10-12 (1945).

2. Bornstein, S.: The state of the Salmonella
problem. J. Immunol. 46:439-496 (1943).

3. British Ministry of Health: Food poisoning.
Steps to be taken in England and Wales by medical
officers of health in the investigation of food
poisoning. Memo 188/Med. London: H. M. Stationery
Officer. Abs. Bull. Hyg. 24:1192 (1949).

4. Bruner, D. W., and Moran, A. B.: Salmonella
infections in domestic animals., Cornell Vet. 39:
53-63 (1949).

5. Buonomini, G.: Salmonellosis in relation to
food poisoning, Ann. di San. Publica, Rome. 9:
1591-1701 (1948). Abs. Bull. Hyg. 24:738 (1949).

6. Cherry, W. B., Scherago, M., and Weaver, R.
H.: The occurrence of Salmonella in retail meat
products. Am. J. Hyg. 37:211-215 (1943).

7. Conybeare, E. T., Allison, V. D., and Taylor,
Joan: Discussion on food poisoning, Proc. Roy.
Soc. Med. 42:214-220 (1949).

8. Dack, G. M.: Food poisoning. University of
Chicago Press. Chicago, Ill. (1943).

9. Dolman, C. E.: Bacterial food poisoning.
Canad. J. Pub. Health. 34:97-111, 205-235 (1943).

10. Edwards, P. R.,” Bruner, D. W., and Moran,
A. B.: Further studies on the occurrence and
distribution of Salmonella types in the United
States . J. Infect. Dis. 83:220-231 (1948).

11. Edwards, P. R., Bruner, D. W., and Moran,
A. B.: The genus Salmonella: Its occurrence and
distribution ir the United States. Ky. Agri. Exp.
Station. Bulletin 525 (1948).

12. Edwards, P. R., and Bruner, D. W.: The
occurrence and distribution of Salmonella types
in the United States. J.Infect. Dis. 72:58-67 (1943).

13. Edwards, P. R., Moran, A. B., Watt, J., and

13

DeCapito, T.: New Salmonella types. Pub. Health
Rep. 65:200-214 (1950).

14. Felsenfeld, O., and Young, V. M.: A study
of human salmonellosis in North and South America.
Am. J. Trop. Med. 29:483-491 (1949).

15. Felsenfeld, O., Young, V. M., and Yoshi-
mura, L.: A survey of Salmonella organisms in
market meat, eggs and milk. J. Am. Vet. M. A.
116:17-21 (1950).

16. Field, H. I.: A survey of bovine salmonel-
losis in mid and west Wales. Vet. J. 104 (8, 9, 10):
251-266, 294-302, 323-339 (1948).

17. Field, H. I.: Salmonella infection in cattle.
Vet. Rec. 61:109 (1949).

18. Field, H. I.: The examination of bile samples
as a means of assessing the incidence of Salmo-
nella infection in cattle. Vet. Rec. 61:275 (1949).

19. Galton, M. M., McElmath, H. B., Stucker, C.
L., and Hardy, A. V.: Salmonellosis in dogs in
Florida. Proc. Am. Vet. M. A. 87th Annual Meeting
117-122 (1950).

20. Galton, M. M., and Hardy, A. V.: Studies of
acute diarrheal diseases. XXI. Salmonellosis in
Florida. Pub. Health Rep. 63:847-851 (1948).

21. Garrod; L. P., and Mecllroy, M. B.: Hospital
outbreak of enteritis due to duck eggs. Brit. M. J.
32:1259-1261 (1949).

22, Ghosal, S. C.: Incidence of Salmonella
infection in rats in Calcutta. Indian M. Gaz. 4:
489 (1941).

23. Gibbons, N. E., and Moore, R. L.: Dried
whole egg powder. XI. Occurrence and distribution
of Salmonella organisms in Canadian powder. XIIL.
The effect of drying, storage, and cooking on the
Salmonella content. Canad. J. Research. 22:48-63
(1944).

24, Hauser, G. H., Treuting, W, L., and Breiffelh,
L. A.: An outbreak of food poisoning due to a new
etiological agent — Salmonella berta. Pub. Health
Rep. 60:1138-1142 (1945).

25. Hinshaw, W. R., and McNeil, E.: Avian
salmonellosis, its economic and public health
significance. Report of the 8th World Poultry Con-
gress (1948).

26. Hinshaw, W. R., McNeil, E., and Taylor,
T. J.: Avian Salmonellosis. Types of Salmonella
isolated and their relation to public health. Am.
J. Hyg. 50:264-278 (1944).

27. Hinshaw, W. R., and McNeil, E.: Snakes,
cats and flies as carriers of S. typhi-murium. Poul.
Sci. 23: 456-457 (1944).

28. Hobbs, Betty C.: Food poisoning and food
hygiene. Brit. M. Bull. 5:167-170 (1951).



29, Hormaeche, E., and Peluffo, C. A.: Salmo-
nellosis in infancy and its diagnosis. Puerto Rico
J. Pub. Health & Trop. Med. Dec. 17, (1941).

30. Hormaeche, E., Surraco, N. L., Peluffo,
C. A., and Aleppo, P. L.: Causes of infantile
summer diarrhea. Am. J. Dis. Child. 66:539-51
(1943).

31. Hormaeche, E., and Salsamendi, R.: Sobre la
presencia de Salmonelas en los ganglios mesenter-
icos de cerdos normales. Arch. urug. de med. cir.
y especialid 9:665-672 (1936).

32. Judefind, T. F.: Report of a relatively severe
and protracted diarrhea presumably due to S. pul-
lorum from the ingestion of incompletely cooked
eggs. J. Bact. 54:667-668 (1947).

33. Kauffmann, F., and Henningsen, E. J.: Uber
einen neuen. Salmonella Typhus bei Mensch und
Katze. Ztschr. f. Hyg. u. Infektionskr. 120: 640-
641 (1936).

34. Koller, R.: Die durch salmonellen verursach-
ten bakteriellen. Lebensmittelvergiftungen. Wein.
tierarztl. mschr., 37:329-344 (1950).

35. McCullough, Norman B., and Eisele, C. W.:
Experimental human salmonellosis. I. Pathogeni-
city of Salmonella meleagridis and Salmonella
anatum obtained from spray-dried whole egg. J.
Infect. Dis. 88:278-289 (1951).

36, Medical Research Council of Great Britian:
The bacteriology of spray-dried egg with particular
reference to food poisoning. (By various authors).
Spec. Report Series No. 260. London (1947).

37. Mera, A. F.: Un caso de infeccion a para-
tifico ‘A’ en gato. Rev. med. vet. Buenos Aires.
23:420-425 (1941).

38. Mitchell, R. B., Garlock, F. C., and Broh-
Kahn, R. H.: An outbreak of gastro-enteritis pre-
sumably caused by Salmonella pullorum, ]. Infect.
Dis. 79:57-62 (1946).

39, Ostrolenk, M., and Welch, H.: The housefly
as a vector of food poisoning organisms in food
producing establishments. Am. J. Pub. Health 32:
487-494 (1942).

40. Rubenstein, A. D., Feemster, R. R., and
Smith, H. M.: Salmonellosis as a public health
problem in war time. Am. J. Pub. Health 34:841-
852 (1944).

41. Rubin, H. L., Scherago, M., and Weaver, R.
H.: The occurrence of Salmonella in the lymph
glands of normal hogs. Am. J. Hyg. 36:43-47 (1942).

42, Salsamendi, R. C.: S. anatum isolated from a
cat. Arch. urug. de med. cir. y especialid. 8:353
(1936).

43. Schneider, M. D.: Isolation of S. tennessee
from frozen whole and powdered egg. Army M. Bull.
4:477 (1945). :

44. Seligmann, E., Saphra, I., and Wassermann,
M.: Salmonella infections in the U. S. A. J.
Immunol. 54:69-87 (1946).

35, Smith, H. Williams, and Buxton, A.: Isolation
of Salmonellae from feces of domestic animals.

Brit. M. J. 1:1478 (1951).

46. Solowey, M., McFarlane, V. H., Spaulding,
E. H., and Chemerda, C.: Microbiology of spray-
dried whole egg. Il. Incidence and types of Salmo-
nella. Am. J. Pub. Health 37:971-982 (1947).

47. Watt, James: Salmonella infection from in-
fected chicken eggs. Pub. Health Rep. 60:835-839
(1945).

48. Watt, James, DeCapito, T., Edwards, P. R.,
and Hermann, G. J.: New Salmonella types. Pub.
Health Rep. 65:208-210, 214-216 (1950).

49, Welch, H., Ostrolenk, M., and Bartam, M. T.:
Role of rats in spread of food poisoning bacteria of
the Salmonella group. Am. J. Pub. Health 31:332-
340 (1931).

Hauve you read...?

BACILLARY DYSENTERY

Bacillary dysentery (Editorial). J.AM.A. 146
(16): 1514-1515 (1951). This is a brief discussion
of the “disease that has been widely distributed
throughout the world from time immemorial.’” It
is pointed out that, “The disease has been traced
from the acute to the chronic phase in the same
human being, so that the chronic type is now
better understood.’

MALARIA

Eradication of malaria (Editorial). J.AM.A.
146(17): 1599 (1951). This editorial points out
that emphasis is now on Nation-wide malaria
eradication rather than on control of malaria, as
in the past. Some of the methods used to reduce
endemic malaria to its present low level are cited.

(Continued on page 27)
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